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the contingent valuation literature suggests that welfare estimates are
sensitive to different speciﬁcations of the utility function. Objective:
This study investigates the effect of different speciﬁcations of the
utility function on results within a DCE.Methods: The DCE elicited the
public’s preferences for waiting time for hip and knee replacement
and estimated willingness to wait (WTW). Results: The results showed
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goodness-of-ﬁt measures indicated that nonlinear speciﬁcations were
superior.
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Discrete choice experiments (DCEs) are increasingly used to elicit
preferences for health and health care [1]. The technique is used
to estimate marginal rates of substitution between attributes of a
good or service and, if cost (price proxy) is included, willingness
to pay (WTP) for changes in attributes. Many methodological
issues have been addressed in the development of DCEs in health
economics, including choice of included attributes, identiﬁcation
of appropriate levels for attributes, optimal experimental designs,
and econometric techniques for data analysis. Surprisingly, little
attention has been paid to the functional form of the utility
function. It is standard practice in the DCE literature to assume
linear utility functions for attributes [2] (Qualitative variables are
usually modeled by using effects coding or dummy variables, and
therefore no assumption is made regarding the functional form).
Exceptions in the health ﬁeld are van der Pol et al. [3] who use a
quadratic utility function and McIntosh and Ryan [4] who note in
discussion that a quadratic utility function was also estimated
but results were not presented. This lack of attention is surprising
because evidence from the contingent valuation literature sug-
gests that welfare estimates are sensitive to different utility
function speciﬁcations. By using simulation methods, Kling [5]
shows that incorrect functional forms result in errors in WTP
values ranging from 4% to 107%. Within the DCE literature, Torres
et al. [6] show by using simulation methods that assuming a
linear utility function when the true utility speciﬁcation isnonlinear results in relative biases ranging up to 63%. Herriges
and Kling [7] and Shonkwiler and Shaw [8] analyzed DCE data to
explore the sensitivity of WTP estimates to alternative utility
speciﬁcations and found differences in WTP estimates.
The aim of this article was to explore the effect of using
different speciﬁcations of the utility function in a case study in
the health ﬁeld. The case study used is a DCE eliciting public’s
preferences for waiting time for hip and knee replacement. Waiting
time rather than cost is used as the numeraire because the aim was
to estimate acceptable willingness to wait (WTW), not WTP, for use
in priority setting. This DCE is particularly suitable for exploring
nonlinear utility functions because the waiting time attribute has a
relatively large number of levels (eight) and a relatively wide range
of values over which marginal utility is unlikely to be constant. This
is the ﬁrst study to explore the effect of functional form in health
and shows that different speciﬁcations of the utility function have a
substantial effect on the WTW estimates generated.Methods
The case study used is a DCE conducted in the context of policy
research using the Western Canada Waiting List (WCWL) hip and
knee priority criteria tool [9]. For details on good DCE practice, see
Bridges et al. [10], and for full details on the DCE and the priority
tool, including development of the attributes and levels, see
Western Canada Waiting List Project [11]. Brieﬂy, this tool scoresociety for Pharmacoeconomics and Outcomes Research (ISPOR).
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V A L U E I N H E A L T H 1 7 ( 2 0 1 4 ) 2 9 7 – 3 0 1298patient severity according to seven criteria, each with three or four
levels. The aim of the DCE was to estimate public’s preferences for
waiting time for health proﬁles as deﬁned within this tool. The
attributes and levels, adopted directly from the tool, were pain on
motion, pain at rest, ability to walk without signiﬁcant pain, other
functional limitations, abnormal ﬁndings on physical exam, pro-
gression of disease, and ability to fulﬁll role. In addition, a waiting
time attribute was included such that WTW could be estimated.
The levels for this waiting time attribute represent the range
observed in patient data from the earlier WCWL tool development.
The initial attributes and levels are shown in Appendix 1 in
Supplemental Materials found at http://dx.doi.org/10.1016/j.jval.
2013.11.009.
A challenge when using different clinical dimensions as
attributes is that many of the combinations are unrealistic. Some
of the attributes were therefore nested [12]. Appendix 1 in
Supplemental Materials found at http://dx.doi.org/10.1016/j.jval.
2013.11.009 shows that pain on motion was nested with pain at
rest, and ability to walk without signiﬁcant pain was nested with
other functional limitations. Furthermore, some constraints were
deﬁned to further rule out unrealistic combinations (see lower
part of Appendix 1 in Supplemental Materials found at http://dx.
doi.org/10.1016/j.jval.2013.11.009). To reduce the total number of
choices derived from the experimental design, each of the nested
attributes was restricted to eight levels.
A D-efﬁcient fractional factorial design, using the nested
attributes, of 72 choices was produced by using SAS (D-efﬁciency
is 72.57% [13]). A four-version blocked design, each with 18 choices,
was used. Consistency of responses was tested by including two
dominant choices; here, one scenario is clearly superior to another
and respondents are deﬁned as inconsistent if they do not choose
the dominant option. This is the most commonly used test within
the DCE literature [1]. Thus, in total there were 20 choices for each
respondent. For each choice set, respondents were asked to
imagine themselves in the two scenarios and to indicate which
situation they thought was worse. Appendix 1 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2013.11.009 gives
an example of a choice. Because it is not possible to remove
patients with certain proﬁles from the waiting list, an opt-out was
not appropriate. That is, all patient proﬁles need to be prioritized.Utility Function
Different speciﬁcations of the utility function for waiting time are
explored. The range of levels for waiting time is relatively large,
between 2 and 52 weeks. Over this large range, the utility function
for waiting time is likely to be nonlinear. For example, the 10th
week may provide less (or more) additional disutility than the 9th
week. This was explored by modeling the utility function by using
both a quadratic function and a stepwise utility function. These are
the most often used nonlinear speciﬁcations in the literature [6].
The linear utility function is the standard speciﬁcation within
the DCE literature and assumes that marginal disutility of waiting
time is constant:
Uij ¼ α1Xj1þ ∑
z
z¼2
βzXjzþεij
The quadratic utility function allows for decreasing marginal
disutility of waiting time depending on the parameter values:
Uij ¼ α1Xj1þα2X2j1þ ∑
z
z¼2
βzXjzþεij
The stepwise utility function allows the marginal utility of
waiting time to vary across different intervals within the range of
waiting time:
Uij ¼ α1ðXj1oc1Þþα2ðc1rXj1oc2Þþα3ðXj1Zc2Þþ ∑
z
z¼2
βzXjzþεijwhere Uij is the utility of proﬁle j for individual i; Xj1 is the waiting
time attribute; Xjz are the other attributes in the DCE; α1, α2, α3,
and βz are the parameters of the attributes; c1 and c2 are the
critical values for the waiting time attribute in the stepwise utility
function; and εij is the random error term. The values selected for
c1 and c2 were based on attribute levels and were 12 and 36,
respectively, allowing marginal utility to vary across shorter
(Waiting time 1), medium (Waiting time 2), and longer (Waiting
time 3) waiting times.
The WTW is the value of waiting time (Xj1) that would
compensate for the utility difference caused by a change in an
attribute (Xjz). The WTW is estimated by solving the following
equations:
Linear utility function:
WTW ¼ α1Xj1 ¼ β3ðXjz1Xjz0 Þ
¼ 1
α1
β3ðXjz1Xjz0 Þ
Quadratic utility function:
WTW ¼ α1Xj1þα2X2j1¼β3ðXjz1 Xjz0 Þ
¼
α1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
α214α2β3ðXjz1Xjz0 Þ
q
2α2
Stepwise utility function:
WTW ¼ α1ðXj1oc1Þþα2ðc1rXj1oc2Þþα3ðXj1Zc2Þ ¼ β3ðXjz1Xjz0 Þ
¼ 1
αy
β3ðXjz1Xjz0 Þ; y ¼ 1 if Xj1oc1; y ¼ 2 if c1rXj1oc2;
y ¼ 3 if Xj14c2
The marginal rate of substitution between changes in the
attributes and waiting time is constant only in the linear utility
speciﬁcation. In nonlinear speciﬁcations, the marginal rate of
substitution varies depending on the size of the utility difference
caused by the change in attribute Xjz. This means that WTW for
differences in attribute levels is no longer an additive. For
example, WTW for a change in attribute Xjz from 0 to 2 is no
longer necessarily equal to the summation of WTW for a change
in attribute Xjz from 0 to 1 and WTW for a change in attribute Xjz
from 1 to 2. It is therefore crucial to use a constant reference
point when comparing WTWs for different patient proﬁles. The
most severe patient proﬁle is used as a reference point, and the
WTW is assumed to be zero for this proﬁle. The WTW for patient
proﬁle y is the length of waiting time in weeks where the
disutility associated with the waiting time (taking into account
any nonlinearities) is equal to the gain in utility from moving
from the most severe patient proﬁle to patient proﬁle y.
Which functional form is better or most appropriate can be
informed by hypotheses generated from economic theory and/or
goodness of ﬁt. In the case of waiting time, there are no clear
hypotheses regarding the functional form, and this study there-
fore relies on goodness-of-ﬁt statistics to identify the preferred
functional form. To compare the goodness of ﬁt of the three
speciﬁcations, the Akaike information criterion, the Bayesian
information criterion, and the McFadden adjusted R2 were esti-
mated and compared. In the case of non-nested models, Hor-
owitz’s likelihood ratio test was used [14].
Given that we were interested in mean preferences estimated
via marginal rates of substitution (WTW), and these are scale
free, random-effects probit was used to analyze the data [10,15].
A preference space model (mixed logit), assuming normal dis-
tribution for all coefﬁcients, was also estimated to allow for
heterogeneity of preferences [16].
All attributes, with the exception of waiting time, were
modeled by using effects coding. To demonstrate the effect of
the different functional forms on results, WTW is estimated for a
range of patient proﬁles that differ in terms of severity. The
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scores [10]. Conﬁdence intervals were estimated by using the
delta method [17].Participants
The data were collected by Ipsos-Reid (market research company).
The study received ethical approval from the Conjoint Health
Research Ethics Board at the University of Calgary. TheTable – 1 Regression results.
Linear
Coefﬁcient t value C
Constant 0.025 1.01
Waiting time 0.023* 20.12
Waiting time2 
Waiting time 1†
Waiting time 2†
Waiting time 3†
Pain on motion and rest
0 0.580* 8.87 
1 0.376* 7.30 
2 0.040 0.81 
3 0.049 1.25 
4 0.052 1.05
5 0.153* 3.09
6 0.203* 3.72
7‡ 0.636
Ability to walk without signiﬁcant pain and other functional limitations
0 0.394* 6.25 
1 0.282* 5.16 
2 0.289* 5.90 
3 0.087 1.63 
4 0.039 0.88 
5 0.175* 3.51
6 0.415* 8.28
7‡ 0.500
Abnormal ﬁndings on physical exam
0 0.235* 7.12 
1 0.104* 3.61 
2 0.094* 2.86
3‡ 0.244
Potential for progression of disease
0 0.375* 12.39 
1 0.177* 5.57 
2 0.057 1.85
3‡ 0.495
Threat to patient role and independence in society
0 0.381* 12.90 
1 0.238* 8.13 
2 0.257* 7.77
3‡ 0.362
Nobs 4413 4
Nind 221 2
AIC 4005.65 3
BIC 4171.85 4
McFadden adjusted R2 0.346 0
Log likelihood 1976.83 
AIC, Akaike information criterion; BIC, Bayesian information criterion.
* Statistically signiﬁcant at the 5% level.
† Waiting time 1: waiting time o12 weeks; Waiting time 2: waiting time
‡ Omitted level.questionnaires were piloted with a focus group of 12 individuals.
The primary data collection was conducted in the context of a
“mini-lab” setting with a larger group of individuals in a room. A
verbal introduction of the purpose of the study and a descriptor
guide of the attributes and their levels was provided. Respondents
ﬁlled out the DCE on their own. Random digit dialing was used to
recruit participants in four cities in Western Canada: Vancouver,
Calgary, Regina, and Winnipeg. Eligible respondents were 18 years
or older and were not currently working in the health care ﬁeld.Quadratic Stepwise
oefﬁcient t value Coefﬁcient t value
0.035 1.38 0.031 1.20
0.034* 8.39
0.00022* 2.87
0.082* 8.01
0.040* 14.81
0.027* 20.22
0.537* 8.04 0.475* 6.80
0.378* 7.34 0.347* 6.69
0.035 0.70 0.064 1.28
0.070 1.74 0.038 0.94
0.038 0.76 0.039 0.78
0.144* 2.90 0.169* 3.36
0.213* 3.92 0.153* 2.78
0.625 0.563
0.447* 6.76 0.403* 5.94
0.266* 4.84 0.280* 5.10
0.286* 5.82 0.261* 5.29
0.085 1.61 0.106* 2.00
0.038 0.86 0.013 0.29
0.199* 3.93 0.195* 3.76
0.413* 8.18 0.363* 7.04
0.509 0.505
0.234* 7.12 0.223* 6.65
0.108* 3.76 0.104* 3.61
0.084* 2.53 0.060 1.82
0.259 0.266
0.368* 12.14 0.396* 12.84
0.180* 5.66 0.175* 5.45
0.061* 1.97 0.069* 2.22
0.487 0.502
0.388* 13.08 0.389* 13.13
0.240* 8.19 0.208* 6.97
0.252* 7.58 0.208* 6.17
0.376 0.388
413 4413
21 221
999.38 3956.63
171.97 4135.61
.347 0.354
1972.69 1950.31
Z12 and o36 weeks; Waiting time 3: waiting time Z36 weeks.
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sample.
In total, 221 individuals were recruited. Individuals received $50 for
participation. The characteristics of respondents are shown in
Appendix 2 in Supplemental Materials found at http://dx.doi.org/
10.1016/j.jval.2013.11.009. Compared with the general population,
the sample was younger and consisted of relatively more women.Results
Only 10 respondents chose dominated scenarios and therefore
failed the consistency tests. Lancsar and Louviere [18] argue that
inconsistent respondents should be included and given that
excluding these respondents did not affect the results, the main
analysis includes these respondents. Table 1 shows the main
regression results for the random-effects probit model for the
three speciﬁcations of the utility function for waiting time. A
priori it is expected that the size of all coefﬁcients increases when
moving to more severe levels of a given attribute; that is, the
disutility or disbeneﬁt increases progressively as one moves from
the least severe level of any attribute to progressively more
severe states. This holds true for most of the coefﬁcients within
the model. The limitations attribute is the only variable that does
not follow the hypothesized pattern. Because of the nesting
structure, however, it is not clear a priori what the pattern should
be because it depends on the relative importance of the two
dimensions. The coefﬁcients are consistent in that the effects
codes are higher for levels that were dominant over other levels.
The statistical signiﬁcance of the squared term demonstrates
that the effect of waiting time is nonlinear. This is also conﬁrmed
by the results of the stepwise utility function. The goodness-of-ﬁt
measures show that the model with stepwise utility is the best
ﬁt. The Horowitz likelihood ratio test indicates that the proba-
bility of erroneously choosing the stepwise function as the best
model is less than 0.001: Φ(7.14) compared with the linear modelTable 2 – WTW for sample cases.
Patient proﬁle* Linear
Mean 95% CI
22201 134 118–150
22211 126 111–141
23211 117 103–131
22202 113 99–127
23202 104 90–118
22222 94 81–107
33222 86 73–98
35212 84 73–96
65202 82 71–93
35222 74 64–85
66303 60 50–71
65223 59 48–69
66313 52 41–62
67223 45 34–55
65232 44 35–54
57323 40 31–49
76313 33 24–42
76333 4 4 to 12
00000 (least severe) 183 165–201
77333 (most severe) 0
CI, conﬁdence interval; WTW, willingness to wait.
* Numbers reﬂect attribute levels on the following: pain on motion and
limitations; abnormal ﬁndings on physical exams; potential for progressand Φ(6.61) compared with the quadratic model. The ﬁt of the
model with quadratic utility is similar to that of the model with
linear utility in terms of the Bayesian information criterion and R2
statistic but the Akaike information criterion is lower.
Table 2 shows the total WTW for a range of patient proﬁles.
Waiting time is set at 0 for the most severe patient proﬁle (77333).
For the least severe patient proﬁle (00000), the WTW is 183 weeks
under the assumption of linear utility for waiting time, 81 weeks
under the assumption of quadratic utility for waiting time, and
119 weeks under the stepwise utility function. There is consid-
erable variation in the mean WTW across the three speciﬁcations
for all the example patient proﬁles. The analysis was rerun by
using mixed logit, and similar differences were found in mean
WTW across the speciﬁcations. The results are available from
authors on request.Discussion
This study investigated the effect of different speciﬁcations of the
utility function on results within a DCE. The DCE elicited the
public’s preferences for waiting time for hip and knee replace-
ment and estimated a WTW. The results showed that the WTW
for different patient proﬁles varied considerably across the three
different utility function speciﬁcations. Assuming a linear utility
function led to much higher estimates of marginal rates of
substitution (WTWs) than did assuming nonlinear speciﬁcations.
The goodness-of-ﬁt measures indicated that the stepwise spec-
iﬁcation was the best ﬁt.
There are some concerns regarding the WTW estimates under
all speciﬁcations. Many of the WTWs for the patient proﬁles were
estimated to be outside the level range included in the DCE. The
maximum level included in the DCE was 52 weeks. This reduces
the precision of the estimates. It should be noted, however, that
differences were also found across the speciﬁcations for the less
severe proﬁles with WTWs within the level range.Quadratic Stepwise
Mean 95% CI Mean 95% CI
64 46–82 81 69–92
61 44–78 73 62–84
58 42–74 67 57–77
56 40–72 65 56–75
53 38–67 60 50–69
49 35–62 48 40–56
46 33–58 41 34–49
45 33–57 39 32–46
43 31–55 40 34–47
40 29–51 32 26–38
33 23–43 25 19–30
32 22–42 22 17–28
29 20–38 19 14–24
26 17–34 15 10–19
26 18–34 16 12–20
23 16–31 10 7–13
20 13–27 10 7–13
3 2 to 8 2 0–4
81 58–104 119 103–134
0 0
rest; ability to walk without signiﬁcant pain and other functional
ion of disease; threat to patient role and independence in society.
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tion should receive more attention within the DEC literature.
Other authors have also called for this [2,6]. It needs to be
explored, however, whether the ﬁndings can be generalized to
other DCEs. It is likely that the effect of different speciﬁcations is
smaller when the level range is narrower and/or may also depend
on the type of numeraire (i.e., cost/price proxy rather than
waiting time). This should be explored in further research.
Source of ﬁnancial support: The Chief Scientist Ofﬁce of the
Scottish Government Health and Social Care Directorates funds
HERU. Funding was received from the Western Canada Waiting
List Project. The views expressed in this article are those of the
authors only and not those of the funding bodies.Supplemental Materials
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